The goal of this task was to develop the methodology for producing a suitable simulant for waste solids and the fabrication of an initial simulant for use in the demonstrations and testing performed as part of the down-select process for disposition of INTEC tank waste. The analytical results from WM-182 and WM-183 tank samples were used as the basis for this work. Results included:
♦ To develop the initial simulant, the chemical and radiochemical compositions of WM-182 and WM-183 insoluble solids were approximated by subtraction of the soluble solids from the total solids. The contribution of the soluble solids to the measured total solids was on the order of 30 wt.%. This action removed the nitrate as a component of the insoluble solids. Charge balance was a problem due to the very high level of phosphate measured in the WM-183 solids. Calcium was added to balance the charges in this initial simulant.
♦ The calculations show that approximately half of the radioactivity from Tank WM-183 total solids is associated with the soluble radionuclides in the supernate. On the other hand, only 10% of radioactivity from WM-182 total solids is associated with soluble radionuclides in the supernate.
♦ OLI/ESP modeling was applied to this system using the available supernate data for WM-183 and the solids data, modified to achieve charge balance, for WM-183. This model predicted solid species including silica, zirconia, and iron phosphate and also revealed issues with the high phosphate levels.
♦ A validation process is suggested and can be accomplished once simulant requirements are finalized and acceptance criteria established.
♦ A path forward is proposed that would lead to final simulants for the testing and demonstrations to be performed as part of the down-selection process. In particular, it is recommended that further studies with SEM and XRD using actual waste be performed to identify mineral phases present in the waste. Furthermore, it is recommended that a "washing" test be performed using actual sample(s) to determine the effect of washing on the physical and chemical properties of the solids.
Introduction
Idaho is currently in a down-selection process to identify the technique that will be used to immobilize the solid and liquid phases of the Sodium Bearing Waste (SBW) contained in the INTEC Tank Farm. In order to properly evaluate and select a process, INEEL is planning a series of demonstrations and tests. The options being considered are (1) calcining a blend of liquid and solids, (2) steam reforming a blend of liquid and solids, (3) direct but separate evaporation of solids (in the form of sludge slurries) and liquids, and (4) cesium ion exchange followed by grouting of the eluant, or addition of silica gel to immobilize the liquid phase.
Because performing the down-select tests using actual waste is prohibitively expensive, it is critically important to develop and use waste simulants that realistically challenge the performance of the techniques being considered. Realistic simulants are important for evaluation of processing expectations, control of off-gas emissions, and compliance with waste form specifications. The liquid phase of SBW is well characterized and simulants have been developed that can be utilized during testing and demonstrations (1). However, the recent discovery of a significant amount of solids in the INTEC Tanks has required that a solid simulant also be developed for the SBW solids. A suitable simulant for solids has not yet been developed. This goal of this task is develop the methodology and produce an initial simulant for the solids for use in the demonstrations and testing performed as part of the down-select process.
In 1999, visual observation and sampling of the solids present in the 300,000-gallon WM-182 and WM-183 tanks were initiated (2, 3) . This study revealed that a layer of sludge exists at the bottom of both tanks. The sludge layer was about 8.5 inches high in WM-183 and about 4.5 inches high in WM-182. Estimates of sludge volumes in the other 8 tanks (WM-190 is empty) were also made. The final total estimate is ~ 170,000 liters of sludge in the ten tanks. Chemical and radionuclide analyses of the sludge samples from WM-182 and WM-183 were performed and the chemical composition and radionuclide inventory were determined for the two tanks. This new estimate of the amount, composition and nature of the sludge was different from the generally accepted position that the tanks contained a low percentage of undissolved solids (UDS).
The relatively large fraction of solids in the INTEC Tank Farm requires that the four options under consideration directly deal with the disposition of the solids. Therefore, a solid simulant must be developed for the upcoming demonstrations and testing.
The scope of the current task for developing a solid simulant involves the following activities:
1. Evaluation and analysis of the reported chemical composition (including RCRA metals) of the sludge samples from Tanks WM-182 and WM-183 and subtraction of components contained in the interstitial supernate.
2.
Evaluation and analysis of the reported radionuclide composition of the sludge samples from Tanks WM-182 and WM-183 and subtraction of the radionuclide components contained in the interstitial supernate.
3.
Determine the viability of OLI modeling to predict solid phases. 4.
Identification of the type of waste form (LLW, TRU etc.) produced for each of the four options and the corresponding disposal facility to which it will be sent (e.g., WIPP, RWMC, Hanford, Envirocare, and NTS).
5.
Understanding simulant requirements based on the process flow diagrams for each option and on operations to remove and transfer solids from the tanks. 6.
Identify an initial set of simulant requirements using existing data. 7.
Develop an initial simulant based on existing data. 8.
Define a path forward for final simulant development. 9.
Identify potential data needs to develop the final simulant. 10.
Identify and develop a strategy for simulant validation.
Background on Solids Removal and Transfer
Removal of the liquid SBW from each tank will result in a layer of sludge at the tank bottom. This sludge will eventually be transferred to Tank WM-187 and will be pumped from this tank as needed for processing (four options at this time). It is estimated that removal and transfer from each tank will require 100,000 gallons of water. For example, the contents of WM-183 will be transferred to Tank WM-187 along with 100,000 gallons of water. The solids in Tank WM-187 will then be allowed to settle, and the liquid removed using steam jets to another tank. This process has the effect of washing of the solids to remove substantial quantities of salts dissolved in the interstitial supernate. (E.g., Idaho (2) has determined that 75% of the volume of the sludge in WM-183 is due to liquid supernate.) The sequence and timing of the processing will depend on the option selected, but it is clear that WM-187 may contain a mixture of various tank solids at any one time.
It is further been estimated that ~200,000 gallons of water will be required to remove the solids from Tank WM-187 and transport it to the processing location. Therefore, the sludge will undergo a second "washing" due to these transfers. It is not clear how many transfers will actually occur but the estimate is for a total of 200,000 gallons for all transfers.
The solids as they exist in the highly acidic tanks may change as washing occurs through transfer. In fact, the acidity will drop significantly as the supernate is removed from the solids. Dissolution or precipitation reactions can occur during this washing/transfer step changing the composition of the solid and liquid phases that comprise the waste as well as the properties of the waste. Consequently, the simulant requirements (both the physical and chemical) for processing may be different than the measured properties of the tank samples in the highly acidic medium. This data is currently not available. (2, 3) . The major components of the air-dried solids are presented in Table 1 . The corresponding results for RCRA metals present in these solid samples are presented in Table 2 . Table 1 it is noted that only 41% of the sample from WM-182 and 47% of the sample from WM-183 is accounted for. The undetermined amounts are presumably due to oxygen bound in oxides and residual water that is either present as waters of hydration or free water. (4). The major components of these samples are presented in Table 3 . The corresponding results for RCRA metals present in these solid samples are presented in Table 4 . The hydrogen ion concentrations for the samples are 5.3E-01 Molar for WM-182, and 2.5E+00 Molar for WM-183. The specific gravity values for the two samples are 1.1 g/ml for WM-182 and 1.2 g/ml for WM-183.
From columns 2 and 3 of
Insoluble Solids. The data available on the sludge samples was based on the material resulting from air-drying the sample. Air-drying the sample results in the precipitation of any soluble solids present in the interstitial supernate. Thus, the air-dried sample that was analyzed was a composite of the insoluble solids and the soluble solids. To determine the composition of the insoluble solids alone, the contribution from elements present in the soluble solids must be subtracted from the composite solids results.
The WM-183 sludge sample had a volume of 2.33 ml and a mass of 2.91 g for a density of 1.25 g/cc. Allowing this sample to air-dry resulted in a loss of 1.727 grams. This loss has been attributed to water evaporation. The mass of air-dried sludge remaining was 1.179 g. The 1.727 grams of water is equivalent to 1.727 ml of water. It follows that 1.727 ml of supernate were present in the 2.33 ml sludge sample (i.e., the volume fraction of the sludge is 74% water and the mass fraction is 59.5% water). Since the density of the supernate is 1.2 g/ml, the 1.727 ml contains 0.35 g of soluble solids. This implies that 0.35g/1.179g or 30% of the total air-dried solids results from soluble solids deposited during evaporation of the sample.
No equivalent data exists for WM-182. Therefore, it was assumed that the WM-183 drying and density data were also applicable to the WM-182 sludge sample.
An element-by-element subtraction was carried out to remove the soluble solids from the total solids as measured for the air-dried sludge sample. To accomplish this, the number of moles of each species in1.179 g of air-dried sludge was calculated. Then, using the actual data for the supernate samples from each tank, the moles of each species contained Savannah River Technology Center WSRC-TR-2002-00436 Immobilization Technology Section Page 9 of 34 November 11, 2002 in 1.727 ml of supernate was subtracted from the moles of each species in the air-dried sludge. The results are presented in Table 5 . The final two columns present the significant chemical species, on a mole % basis, that make up the majority of the insoluble solids. 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 PO 4 8.49E-04 1.56E-03 1.23E-01 3.16E-01 1.23E+01 3.16E+01 1.23E+01 3.16E+01 SO 4 3.80E-04 1.29E-04 5.49E-02 2.60E-02 5.49E+00 2.60E+00 5.49E+00 2.60E+00 TOTAL 6.92E-03 4.95E-03 1.00E+00 1.00E+00 1.00E+02 1.00E+02 9.69E+01 9.80E+01 Thus, the major species present in the insoluble solids, on a mole % basis, are summarized below.
WM-182
WM-183 6. These results demonstrate that the solids (with supernate contribution subtracted) of Tank WM-182 have higher levels of Zr, F, Na, and SO 4 than the solids of Tank WM-183. On the other hand, the solids of Tank WM-183 contain higher levels of Fe, K, and PO 4 than the solids from WM-183. However, the solids from both tanks contain the same major chemical components.
RCRA Metals. The data for the RCRA metals are provided in Table 6 . These data were obtained by subtracting out the contribution of RCRA metals from the supernate in an equivalent fashion to the results produced for the major chemical species (see discussion preceding Table 5 ). The distribution of RCRA metals between insoluble solids and soluble solids can be divided into three groups for WM-183. The first group contains only Hg, which appears to come completely from the soluble solids. The second group of Cd, Cr, Pb, Ni, and Zn had significant contributions to the total solids RCRA metals from both soluble and insoluble solids. Finally, the third group contains those elements that come essentially from the insoluble solids. These include Ag, As, Ba, Se, and Sb.
There were significant differences in the amounts of RCRA metals present in the insoluble solids from both WM-182 and WM-183. Tank WM-182 insoluble solids had higher levels of As, Cd, Hg, and Zn than the solids in WM-183. Conversely, Tank WM-183 insoluble solids had higher levels of Cr and Ag than the solids from Tank WM-182.
For WM-183, the major RCRA metals in the insoluble solids were Cr, Ni, and Ag and for Tank WM-182, the major RCRA metals in the insoluble solids were As, Cr, Ni, and Zn.
Evaluation and Analysis of the Reported Radionuclide Compositions for WM-182 and WM-183 Solids
The concentrations of the major radionuclides present in the sludge sample (total solids) and in the supernate for both WM-182 and WM-183 are provided in Table 7 . Although the overall radionuclide levels are approximately the same in the supernate fractions of both WM-182 and WM-183, the solid sludge sample from WM-182 has a significantly higher (4.5 times) overall Curie content than WM-183. Following the same process (see Tables 5 and 6 ) in which the supernate contribution of radionuclides is subtracted from the overall sludge radionuclides gives the radionuclide concentrations present in the insoluble solids only. These data are provided in Table 8 . For the solids from Tank WM-183, the radionuclide contribution to the total solids can be separated into two groups. The first group contains those radionuclides that arise mainly from the supernate. These include Sr-90, Tc-99, Eu-154, and Am-241. The second group contains those radionuclides in the total solids that arise mainly from the insoluble solids: Sb-125, Cs-134, Cs-137, U-235, Pu-238, and Pu-239. The distribution for the solids from Tank WM-182 are (1) supernate: Co-60 and Sr-90 and (2) insoluble solids: Tc-99, The majority of the radioactivity in the insoluble solids comes from Cs-137. The majority of the TRU component from the insoluble solids comes from Pu-238. These calculations also show that approximately half of the radioactivity from Tank WM-183 total solids is associated with the soluble radionuclides from the supernate. On the other hand, only 10% of radioactivity from WM-182 total solids is associated with soluble radionuclides from the supernate.
Prediction of Solid Phases by OLI Modeling
An initial effort was performed using OLI modeling to predict the solid phases that may form in Tank WM-183. Input for the model included the data available on the supernate composition for WM-183 and the available data for total solids from Tank WM-183. Adjustments were made to the input to ensure charge balance as described in Attachment 1 to this report.
The model predicted the presence of several solids including silica, zirconia, and iron phosphate. The model also revealed the problem with excess phosphate (P 2 O 5 is not a stable species in acid media) and lack of charge balance.
Complete details of this initial effort are presented in Attachment 1.
Waste Form Production and Disposition For Each Option
The following are the major waste forms generated for each option (5) and the expected disposal site for each waste form (assuming a favorable WIR ruling).
1.
Calcining. The blend of solid and liquid will produce a composite calcine that will be RH TRU waste that can be sent to WIPP. Estimated number of canisters is 1375. 2.
Steam Reforming. The blend of solid and liquid will produce a composite ceramic waste form that will be RH TRU waste that can be sent to WIPP. Estimated number of canisters is 831.
3.
Cesium Ion Exchange and Grouting. The solids separated from the waste will be dried resulting in 150 m 3 of RH TRU. The effluent (reduced in Cs-137) will be grouted to produce ~4,150 m 3 of CH TRU waste. An alternative to grouting is to dry the solution using silica gel to produce a waste form that, depending on the amount of silica used, will be either CH or RH TRU waste. This alternative has been identified in case the waste in the tanks is later shown not to be WIR. In this case it will have to be vitrified and recovery from a silica based waste form is easier than from the grouted form. There will also be 20 m 3 of cesium loaded CST, which may or may not be TRU waste.
4.
Direct Evaporation. This process will dry separately the solids and liquids. The liquids will have silica gel added to it. The drying will produce a total of 909 canisters from the liquid SBW and 133 canisters from the solids that are RH TRU destined for WIPP. In addition, there will be between 1200 and 3550 m 3 of CH LAW grouted waste produced depending on the formulation.
Simulant Requirements
The simulant requirements are driven by the properties of the waste that can impact processing performance, waste form performance and off-gas regulatory compliance.
Processing. The waste properties of interest to processing include yield stress and viscosity (rheological properties), settling time of the solids, ease of re-suspension, solids loading, and flocculation or aggregation of the particles as the pH and supernate concentrations change.
Waste Form. The waste properties of interest to waste form performance are somewhat limited for those waste forms that will be shipped to WIPP. Idaho has taken an approach that will preclude the requirement of LDR compliance. This is consistent with the WIPP WAC that does not require LDR compliance. Thus, the waste forms, whether produced from calcining, steam reforming, drying etc will have no requirements on leaching performance. However, the waste forms must not contain or develop standing free liquids. Furthermore, the dose rates need to be controlled to avoid the highest level of RH waste accepted at WIPP (100 to 1000 Rem/hr).
Off-Gas. Those elements controlled by the permit in the off-gas stream are of interest for inclusion in the simulant. Generally, these are at relatively low levels in the waste and can be added as required to the simulant to ensure compliance with off-gas regulations.
Issues Relative to Simulant Development
There are a number of issues that emerged during this task relative to solid simulant development.
Limited Data. The physical properties of the sludge upon air-drying are available only for WM-183. These data included weight loss upon drying and density of slurry (volume and mass of the sludge sample before drying). Therefore, an assumption had to be made for WM-182 that the weight loss and density were equivalent. The lack of XRD and SEM data on the solids precludes direct identification/confirmation of mineral phases that form in this tank environment. Impact of Additional Processing. There is a requirement that the solids transferred to the processor will be a mixture of several tanks. The only data available now demonstrates that there are significant differences between the solids in WM-182 and WM-183. Therefore, the actual solids processed will be a composite with a variance in composition that is currently unknown. The process of removal of the solids from a tank and transfer to WM-187 and eventually to the processing hold tank results in significant dilution of the solids. The next step in the process, which is settling of the solids and decanting of the supernate, removes much of the soluble salts from the interstitial liquid of the sludge. If this data is deemed important to validation (see Section of Simulant Validation), then it will be necessary to measure the effect of dilution and removal of soluble solids on the physical and chemical nature of the insoluble solids.
Lack of Charge Balance. The data for WM-183 solids indicates a great deal of phosphate in the solids. To charge balance this phosphate, along with the other anions, requires significantly higher concentrations of cations than were detected. This apparent disconnect needs resolution through further analysis (SEM and XRD) and modeling. The initial OLI modeling effort also indicates a lack of charge balance in the supernate composition (See Appendix 1).
Initial Simulant Development
Although the issues identified above limit the development of a representative simulant, the process of simulant development was begun with the fabrication of an initial simulant. This initial simulant will provide a baseline simulant to which modifications can be made, pending new data and dependent on the simulant requirements that will be identified for testing.
To match the physical properties of this initial simulant, a slurry was formulated to provide a particle size distribution that roughly corresponded to that measured for the sludge samples from WM-182 and WM-183. This included the incorporation of micronsized particles as well as silica particles in the range of 20 to 40 microns. Solids settling, redispersion and rheological properties have not yet been measured for the actual waste and these properties will ultimately depend on the extent of washing during preprocessing.
For chemical simulation, the water content of the slurry, (~60% by weight) was adjusted to roughly match the water content of WM-183. In this initial effort, chemical simulation was achieved for most elements and anions. However, sodium and potassium were replaced by calcium in the form of calcium fluoride and calcium sulfate (insoluble salts). To accommodate the large amount of phosphate in the solids, Tri-Basic calcium phosphate was added. This introduces more calcium than was detected in the sludge slurry. Table 9 presents the batching sheet of chemicals prescribed to make the initial simulant while Table 10 provides the comparison between the chemical compositions (on a mole wt%) of the actual waste to the simulant (on a mole wt%). As discussed above, the K and Na are at 0% in the simulant due to the addition of insoluble calcium salts. Further Ca was added in the form of calcium phosphate and consequently the simulant has much more calcium than is present in the actual waste.
An additional simulant was prepared using 0.4N HNO 3 as the liquid additive. This concentration value for nitric acid was chosen to mimic the final acid concentration of the slurry after 'washing'. The actual solids content of the slurry will be variable during operations. As discussed above, transfer of the slurry from tank to tank will require dilution. For the calcining and steam reforming options, the solids will be blended to form slurry feed to the processors. An estimate will have to be made for the range of solids loading that will be anticipated during operations for each of the options in order to finalize simulant requirements. Both of simulants produced were orange/red in color and tended to coat and adhere to the glass vessel in which they were stored. Settling did occur with a small clear layer of supernate on top of the slurry. This is similar to the settling behavior observed with actual waste from WM-182. Re-dispersion could be readily achieved by shaking, but the solids would resettle over time resulting in a small clear supernate layer on top of the slurry.
The particle size distribution (on a volume basis) of the simulant prepared using the recipe from Table 9 is provided in Figure 1 Particle Size Distribution for Simulant Defined in Table 9 .
A Haake RS150 rheometer was used to measure the rheological properties of the two samples. Sample 1 was the simulant prepared to the recipe shown in Table 9 and Sample 2 was the simulant that was prepared using 0.4 N HNO 3 . Due to the sample sizes provided, a plate to plate geometry was used to obtain the rheological properties. The top disk was 60mm in diameter and was located 500 microns above the bottom plate. The sample was placed on the bottom plate and as the top disk was driven to the 500 micron position, any excess sample that squeezed out between the plates was removed so as to minimize end effects. All flow properties were measured at 25°C. All flow curves were measured with increasing shear rate from 0 to 2000 sec -1 in 5 minutes, holding shear rate 2000 sec -1 for 30 seconds, and then reducing the shear rate from 2000 to sec -1 in 5 minutes. The flow curves have not been corrected for non-Newtonian behavior.
The flow curves were fitted with the following rheological models:
Power Law: The up and down flow curves results for each of the runs are provided in Tables 11, 12 , and 13 for each rheological model. The Bingham Plastic model was fitted between 400 to 2000 sec -1 for sample data. This data can be used for scoping engineering calculations. The Power Law models were fitted to the complete shear range and can be used for scoping engineering calculations.
The Herschel-Bulkley models were fitted to the complete shear range. An issue with these results is if the Herschel-Bulkley model yields a negative number, one must revert back to the Power Law model results. The Haake Software does not place a lower bound of zero for the Herschel-Bulkley model. These results can be used for scoping engineering calculations.
Simulant Validation Protocol
Simulants will be used in testing and demonstrations for each option and/or unit operation being investigated. To be successful, the simulant must adequately reflect those properties of the waste stream that impact the system being investigated. For example, if a pump will be used to transfer slurry, then a simulant should be developed to mimic the physical properties of the slurry (rheological properties of yield stress and viscosity, solids loading, particle size distribution, and settling rate). The results of the testing are evaluated and conclusions drawn based on the fact that the simulant adequately represents and/or conservatively bounds the actual waste streams. The process by which assurance is gained that the simulant adequately represents actual waste is referred to as Simulant Validation.
The initial step of the Simulant Validation process is to define the properties of the actual waste stream required for the demonstration or unit testing (this may require acquisition of additional data). The next step is to establish acceptance criteria for these simulant properties that will conservatively bound the expected operational conditions. The simulant developed for the testing must meet these acceptance criteria by demonstration (e.g., measure the rheological properties of the simulant). Once the acceptance criteria are met, the simulant is validated.
The simulant may or may not have to be chemically equivalent to the actual waste. Normally, if chemical equivalence is achievable, then it is best to produce a simulant that matches as closely as possible the chemical composition of the actual waste.
Minor chemical constituents may be included or excluded depending upon the specific objectives of the testing. For example, RCRA metals may be included if the waste form produced by the process must meet TCLP, a requirement that is not currently part of Idaho's strategy. Elements regulated for off-gas may also be included so that data obtained during the demonstration can confirm compliance with regulations. One strategy is to include the most volatile element(s) for off-gas compliance or the RCRA metal(s) that is anticipated to give the greatest challenge in meeting TCLP instead of including all RCRA metals and all minor volatile components.
For simulant development, it is essential that simulant requirements and acceptance criteria be agreed upon by those involved in the demonstrations. That is, there must be Savannah River Technology Center WSRC-TR-2002-00436 Immobilization Technology Section Page 23 of 34 November 11, 2002 coincidence between the simulant properties required and the testing that will be performed. This is a joint effort with all affected member of the team involved.
For steam reforming, the process requires a simulant that matches to some degree both the physical and chemical properties of the waste stream. It is expected that the simulant be validated, within the specifications for acceptance criteria, for particle size distribution, settling rates, yield stress, consistency (viscosity) and insoluble solids loading in the slurry. On the chemical side, the goal will be to simulate as closely as possible the actual waste to ensure that the chemistry that occurs in the reformer does not produce processing problems or a non-compliant waste form. Since the solids will be blended with the liquid SBW, it may be necessary to introduce RCRA metals and regulated off-gas elements (or suitable representatives) into only one of the phases. The mineral phase is also of importance to the simulant since the phase can also play a role in the reformer chemistry.
Similar requirements can also be presented for the other options under consideration. However, the final selection of properties to be simulated and their acceptance criteria will need to be decided by the parties involved in the down-select process (operations, regulatory requirements for off-gas, waste form performance, etc).
Conclusions
♦ The chemical and radiochemical compositions of WM-182 and WM-183 insoluble solids have been approximated by subtraction of the soluble solids from the total solids. The contribution of the soluble solids to the measured total solids was on the order of 30 wt%. This action removed the nitrate as a component of the insoluble solids.
♦ These calculations also show that approximately half of the radioactivity from Tank WM-183 total solids is associated with the soluble radionuclides from the supernate. On the other hand, only 10% of radioactivity from WM-182 total solids is associated with soluble radionuclides from the supernate.
♦ Charge balance was a problem due to the very high level of phosphate measured in the WM-183 solids. At this stage, calcium was added to charge balance the analytical results. However, a consequence of this was that the resultant simulant had much more calcium than was actually detected in the solids.
♦ OLI modeling was applied to this system using the available supernate data for WM-183 and the solids data, modified to achieve charge balance, for WM-183. The model predicted the presence of several solids including silica, zirconia, and iron phosphate and revealed the problem with excess phosphate.
♦ An initial simulant (at two different acid concentrations) was developed, fabricated, and characterized. This simulant is a baseline simulant to which changes can be made as requirements are finalized and additional data (XRD and SEM on solids and results of 'washing' of the radioactive tank sample) obtained. Particle size distribution and rheology measurements were measured on the simulants.
♦ After subtraction of the supernate contribution to RCRA metals, it was determined that the major RCRA metals in the insoluble solids from Tank WM-183 were Cr, Ni, and Ag and from Tank WM-182 were As, Cr, Ni, and Zn. It appears that Hg presence in the tank solids sample originated mainly from the supernate.
♦ A validation process was suggested and can be accomplished once simulant requirements are finalized and acceptance criteria established.
♦ A path forward was proposed that would lead to final simulants for the testing and demonstrations to be performed as part of the down-selection process.
Path Forward
♦ Establish the requirements needed for simulants for each option and define the acceptance criteria that the simulant will have to meet (for simulant validation). This is an important step that must involve the input from and the buy-in of the people involved in each aspect of the testing and demonstrations. ♦ Obtain the necessary chemical and mineralogical phases of the solids through XRD and SEM measurements of actual samples that are consistent with the simulant requirements established in the previous bullet. ♦ Determine the effect of solids 'washing' on the physical and chemical properties of the solids of actual samples, consistent with the simulant requirements established in the first bullet. ♦ Measure the rheological and physical properties of the 'washed' solids from the actual samples to obtain the basis data on which to validate the simulant (again, consistent with the simulant requirements established in the first bullet). ♦ Obtain confirmation that the waste forms produced by the four options will have no leaching performance requirements, i.e., the waste form will meet the WIPP WAC). ♦ Establish which elements are required in the solids to confirm through planned testing in the demonstrations, that regulatory emission requirements are met. ♦ Define and prepare a refined simulant(s) that is consistent with both the physical and chemical simulant requirements established in the first bullet. ♦ Validate this simulant against the acceptance criteria. 
Construction of Model Input
The input to the OLI model must be in a neutral species form. This required conversion of the elemental and ionic concentrations given in Table 1 into those based on neutral species. In doing so, the slurry sample was conceptually divided into the supernate and the remaining solid phase, and the composition of each phase was developed separately. November 11, 2002 • The concentration of H + was varied to achieve the charge balance in the supernate phase, rather than fixing it at the measured value of 2.5 M. • The density of insoluble solids was set at 2.5 g/ml. Both the supernate density and the volume fraction of insoluble solids in the slurry sample were iterated until the mass of insoluble solids calculated from the overall mass balance matched that derived from the component mass balance given in Table 3 . The insoluble fractions of each element and ion were estimated simply by subtracting the soluble mass of each element and ion in the supernate from the corresponding mass in the air-dried sample, assuming that no significant quantity of moisture was left in the air-dried sample. It turned out that nitrate was the only element or ion that exhibited any "significantly negative" insoluble fraction mostly likely due to the volatilization of nitric acid.
One major difficulty encountered during the development of insoluble solids composition shown in Table 3 was the fact that the projected concentration of cations in the insoluble solid phase was nowhere near what was needed to counterbalance the excessively high concentration of phosphate measured in the air-dried sample. It can be seen from Table 1 that nitrate and phosphate are two most abundant species in Tank WM-183, and yet nearly 100% of the phosphate was measured to be insoluble, even more so than Si or Zr. As a result, the large quantity of excess phosphate was forced to form pentoxide, (P 2 O 5 ) 2 just to maintain both charge and mass balances. However, pentoxide would not form under the actual tank conditions, since it readily turns into phosphate in the presence of water. The phase identification of phosphorus in Tank WM-183 is one of the primary goals of this modeling study. The resulting concentration of H + that would give the charge balance in the supernate phase was 0.78 M, which is considerably lower than the measured value of 2.5 M. The reason for not using the measured H + concentration in the first place was the fact that there were just not enough anions available to counterbalance the cations at 2.5 M H + . The converged values of supernate density and insoluble solids volume fraction were 1.1778 g/ml and 0.053, respectively. It is noted that if the estimated supernate density were to be rounded off to the nearest tenth, it would match the measured value of 1.2 g/ml exactly. The final confirmation of the estimated supernate density and insoluble solids volume fraction will be made later against the OLI model results. 
OLI Model Run
The sample mass or molar flows of each species given in Tables 2 and 3 for the supernate and insoluble solid phases, respectively, constituted the input to the OLI model. The model was run at 25 o C and 1 atm in conjunction with the software default database PUBLIC v6.6 and the private database, called HNO3DB, which was developed recently for the Na-K-Cs-Al-HNO 3 -H 2 O system using both SRTC and literature data. For the feed chemistry described in Tables 2 and 3 , the resulting OLI model of Tank WM-183 chemistry considered a total of 315 species, consisting of 138 aqueous, 168 solid and 9 vapor species, as shown in Table 4 . 
OLI Model Results
Some of the key model predictions are compared to the assumed values in Table 5 . Predicted densities of the solid and supernate phases are shown to match those assumed very well. The formation of four solid species, including ZrO 2 , SiO 2 , FePO 4 .2H 2 O and Zr(SO 4 ) 2 .4H 2 O, was predicted to be favorable under the Tank WM-183 conditions at the estimated pH of 1. However, these predicted solid species would only add up to 64% of the total insoluble solids mass given in Table 3 , which was derived from the mass and charge balances of the measured data given in Table 1 . The primary reason for this discrepancy is due to the fact that under the prescribed input conditions, the model predicted that 75% of the total phosphate in the tank would be soluble, compared to the data given in Table 1 , which show that practically all phosphate would be insoluble. Table 6 shows all the phosphate species predicted by the model to be present in Tank WM-183 at any significant concentrations. It is noted that the predicted partitioning of phosphate is indeed consistent with the difficulty encountered earlier; That is, an unlikely insoluble species, pentoxide (P 2 O 5 ) 2 , had be created in Table 3 just to maintain both charge and mass balances in the solid phase. Therefore, it is concluded that the measured concentration of insoluble phosphate given in Table 1 may be in error, assuming that the data given for all the remaining species are accurate. The full equilibrium speciation of the Tank WM-183 constituents is shown in Table 7 for all phases. The model predicted that no vapor species would form, since no air flow was added to the model as a carrier for the vapor species. 
